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Abstract
The small x behaviour of polarized parton distributions is related
to non-leading reggeons in the framework of the high-energy effective
action. Double-logarithmic contributions to the reggeon interaction
beyond the ones included in the GLAP equation are encountered in
all polarized parton distributions. The transversity distributions of
quarks and gluons behave similar at small x.
1 Parton distributions
For analyzing the small-x behaviour of structure functions or parton distribu-
tions it is appropriate to consider the t-channel exchange in the corresponding
forward scattering amplitutes. Owing to polarization effects the P parity and
the minimal angular momentum are the relvant t-channel quantum numbers.
The unpolarized parton distributions are related to positive parity ex-
change (V), the helicity asymmetry distributions to negative parity exchange
(A). The second type of polarized parton distributions, the transverse polar-
ization asymmetries or transversities (T) are related to angular momentum
1 (quark transversity) or 2 (gluon transversity) exchange.
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In the deep-inelastic kinematics the exchange of two gluons at the tree
level results in a small-x behaviour x−a0 different for the three cases: a0 =
1, 0,−1 respectively for the cases V, A, T. Analogously for the small-x asymp-
totics of quark-antiquark exchange we have: a0 = 0, 0,−1 for V, A, T, re-
spectively.
In the cases V and A the quark exchange contribution can be separated
by looking into the flavour non-singlet channel. In the case T the quark
and the gluon states do not mix since they differ by angular momentum and
chirality.
2 Non-leading reggeons
In the generic case the gluon exchange contributes to the high energy asym-
totics of the ampitude as s1 and the quark exchange as s1/2. It is known
that these leading gluon or quark exchanges can be described in terms of
perturbative reggeons. We propose to consider from this point of view also
the non-leading contributions from quark and gluon exchange, in particular
the one suppressed by one power of s compared to the leading contributions.
The leading gluon (g.) or quark (q) exchanges can be related to the trans-
fer of spin 0 or 1/2 through the t-channel. There are two types of leading
quark exchanges distinguished by the sign of helicity or chirality (qL, qR).
The non-leading gluon (g⊥) and quark (q
′) exchanges are related to the tran-
fer of spin 1 and 3/2 respectively. Denoting by σi the spin transferred by
the reggeon i the multiple exchange of those reggeons contributes to the
asymptotics sa0 like
a0 = 1−
∑
i
σi (1)
This can be considered as the extension of the known Azimov rule [1] to
non-leading exchanges.
The contribition from gluon and quark exchanges suppressed by powers
of s becomes important in particular in the small-x behaviour of polarized
structure functions. At the tree level the small-x behaviour of unpolarized
structure functions (V) is determined by two leading gluonic (g.g.) of quark
(qLqL + qRqR) reggeons. The helicity asymmetries (A) are determined by
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the exchanges g.g⊥ and (qLqL − qRqR) and the transversities (T) by (qLq
′
R +
qRq
′
L + ...) and g⊥g⊥.
Also two or more leading reggeons in a state with corresponding orbital
angular momentum couple to the channels of the polarized parton distribu-
tions. Such contributions enter at the higher loop level.
A systematic study of the non-leading gluonic reggeons has been per-
formed in the framework of the high-energy effective action [2]. The deriva-
tion of the effective action from the QCD action, which we gave for the
leading reggeons, has been extended by improving the approximation keep-
ing all terms suppressed by one power of s. The reggons and their interaction
vertices with scattering quarks and gluons can be obtained by t-channel fac-
torization of corresponding 2→ 2 and 2→ 3 amplitudes in the multi-Regge
kinematics.
The leading gluonic reggeon g. corresponds to the logitudinal projection of
the gluon propagator in a covariant gauge or to the exchange of the following
combination of the transverse gauge potential Aσ, σ = 1, 2 in the light-cone
gauge: A+ = ∂
−1
−
∂σAσ. It carries even P parity and odd C parity. Its
coupling to scattering quarks and gluons conserves helicity and does not
depend on helicity or transverse momenta.
One of the non-leading gluonic reggeon carries the same quantum numbers
as the leading one and its coupling has similar properties.
Further there are three non-leading reggeons carrying negative P parity.
They are related to the exchange of A′ = iǫστ∂σAτ , σ, τ = 1, 2. These three
reggeons are distinguished by their coupling. All three couplings conserve
helicity but, unlike the leading reggeon, depend on the sign of helicity. One
of these reggeons does not couple to quarks and another one has a transverse
momentum dependence in its coupling.
The non-leading quark reggeons have not been studied yet. However
their main features can be obtained by supersymmetry arguments, relying
on the similarity to the supersymmetric Yang-Mills theory, where gluonic
and fermionic reggeons and their couplings appear in multiplets.
3 BFKL-type kernels and double logarithms
The perturbative reggeons interact by emitting and absorbing gluons. The
corresponding interaction vertices differ from the original QCD vertices and
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can be read off from the effective action. With the resulting two-reggeon
interaction kernels (Fig 1a) we can write the known BFKL equation [3] in
the case of two leading reggeons (g.g.) and its analogons for the other two-
reggeon channels (i,j) [5].
a b
Figure 1: a) BFKL-type kernel obtained from the effective vertices b) Iter-
ation of the BFKL-type equation
Consider a ladder graph (Fig. 1b) corresponding to the iteration of a
BFKL-type equation. We see that in all channels (i,j) corresponding to par-
ton distributions the transverse momentum integrals are approximately log-
arithmic in the region of strongly ordered transverse momenta, |κ1| ≪ |κ
′| ≪
|κ2|. This is just the contribution corresponding to the small-x asymptotics
of the GLAP evolution equation [4]. As examples we quote the kernels for
the channel g.g. and qLqL.
Kg.g.(κ, κ
′) =
2|κ|2|κ′|2
|κ− κ′|2
,
KqLqL(κ, κ
′) =
|κ|2 + |κ′|2
|κ− κ′|2
. (2)
Here the transverse momenta are represented by complex numbers.
In the first case the only logarithmic contribution arises from the strongly
ordered region, whereas in the second case there is an additional double-
logarithmic contribution from the soft-particle intermediate state, where
|κ1| ≫ |κ
′| ≪ |κ2|.
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It turns out that there are double log contributions of this type in all
channels corresponding to parton distributions besides of the leading channel
g.g..
In those channels (i,j) which do not contribute at the tree level to the
parton distributions the transverse integrals are nowhere logarithmic. This
can be seen for example in the interaction kernel of the leading quark and
anti-quark of opposite chirality (qLqR).
KqLqR(κ, κ
′) =
2κκ′
|κ− κ′|2
(3)
In the double-logarithmic approximation the contributions from the ker-
nels non-logarithmic in the transverse momenta are neglected. Then the
BFKL-type equations reduce to simpler equations. In the leading gluon
channel (g.g.) dominating the unpolarized flavour singlet parton distribution
we arrive just at the GLAP equation with the kernels approximated by its
leading terms at small x. However in the other cases of parton distributions,
due to the soft-particle intermediate states, we obtain a non-linear equation
[6] given schematically in Fig. 2. Here the amplitude enters with a lower cut-
off κ in the transverse momenta. The Born term of this equation is directly
obtained from the BFKL-type kernel K(κ, κ′) at |κ| ≪ |κ′|.
We emphasize once more that in these cases the small-x asymptotics of
the GLAP equation does not account for all perturbative contributions even
in the double logarithmic approximation. The naive extrapolation of the
GLAP equation to the small-x region does not represent the predictions of
perturbative QCD even at the one-loop level as far as the dependence on x is
concerned. On the other hand the GLAP equation describes correctly the Q2-
dependence in the small-x region if the anomalous dimensions are improved
by the resummation which can be extracted from the result of the non-linear
double logarithmic eqation. The effect of including the resummation depends
of whether the input dependence on x is compatible with the non-linear
equation or not [7].
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Figure 2: The equation for the double log amplitudes
4 The transversity distributions at small x
The transversity distribution of quarks contributes to the structure function
h1(x,Q
2), which appears e.g. in the Drell-Yan pair production with both
incident particles polarized. It is related to the quark scattering amplitude
with helicity flip, where quark and anti-quark of opposite chirality or parallel
helicity are exchanged in the t-channel [8, 9, 10].
The transversity distribution of gluons contributes to the structure func-
tion F γ3 (x,Q
2), which enters the deep inelastic scattering cross section on
a polarised photon. It is related to the amplitude of gluon scattering with
helicity flip [11, 12, 13].
The result of our analysis [14, 15] is that both parton distributions of type
T behave quite similar at small x. In the above discussion we have provided
some arguments why this should be expected.
The GLAP evolution kernels or anomalous dimensions [16, 17] coincide
at one loop up to colour factors, which can be understood from supersymme-
try arguments [16]. Summing the double logarithmic contributions results
essentially in the same answer up to some colour factors. The small-x asymp-
totics of the gluonic or quark transversity is determined by the solution of the
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non-linear equation Fig. 2 for the colour singlet positive signature channel
in terms of partial waves (ω = 1 + j ) ,
f+0 (ω) = 4π
2ω

1−
√
1−
4αSC
πω2
(1−
1
2πω
f−8 (ω))

 (4)
This solution is give in terms of the solution for the colour octet channel of
the negative signature.
f−8 (ω) = 4παSN
d
dω
ln
(
exp(
ω2
4ω2
) Dp(
ω
ω
)
)
, ω2 =
αSN
2π
. (5)
N is the number of colours. In the gluonic case we have C = N and in the
quark case C = N
2−1
2N
. Dp(z) is the parabolic cylinder function. Its index p
is a ratio of colour factors which is p = 2 in the gluonic case and p = − 1
2N2
in the case of quark transversity.
The x dependence of the parton transversity distributions is obtained by
inverse Mellin transformation from the partial waves eq. (4) and the leading
small x behaviour is x1−ω
+
0 where ω+0 is the rightmost singularity of the partial
wave eq. (4) in ω.
In this approximation also the resummed anomalous dimension ν(j) near
j = −1 is obtained in terms the solution of the non-linear equation f+0 (ω), ω =
j + 1.
ν(−1 + ω) =
1
8π2
f+0 (ω) (6)
The recently calculated two-loop contributions to the anomalous dimen-
sion [18, 19, 20] of the quark transversity are compatible with this result1
near j = −1.
The transversities provide two examples for the situation that the ampli-
tudes of deep-inelastic scattering, dominated in the leading logQ2 approxi-
mation at small x by non-leading reggeons (g⊥g⊥ or qLq
′
R + ...), receive also
contributions from the leading reggeons (g.g. or qLqR + qRqL). These ex-
changes couple weakly via higher powers of αS not accompanied by large
logarithms. However, they have a stronger small-x asymptotics.
1 In [14] there are misplaced factors of 2 in the expression for f+8 (ω), compare eq. (5).
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From the solutions of the BFKL-type equations we obtain for the small-x
behaviour of these contributions x−a, where in the case of the quark transver-
sity [14]
aq =
αS(N
2 − 1)
8Nπ
Ω(1, 0) = 0 (7)
and in the case of the gluon transversity [15]
ag = 1 +
αSN
4π
Ω(2, 0) = 1 +
4αSN
π
(ln 2− 1). (8)
Ω(n, ν) denotes the eigenvalue function of the BFKL equation [21] de-
pending on the conformal spin n and the anomalous dimension ν. In ampli-
tudes related to unpolarized scattering the case n = 0 is relevant and Ω(0, 0)
leads to the known expression for the BFKL pomeron intercept. n plays the
role of the transferred orbital angular momentum.
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